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DQGKLJKHQJLQHORDGV+DVHJDZDHWDO6WDQJOPDLHUHWDO6XQHWDO+HQFHDOLPLWHG
RSHUDWLQJZLQGRZH[LVWVZKHUH12[DQGSDUWLFXODWHHPLVVLRQVDUHDWDYHU\ ORZOHYHO7REURDGHQ WKH
RSHUDWLQJUDQJHRI IXWXUH'LHVHOHQJLQHVDFRPELQDWLRQRIDYDULHW\RI ORDGLQJDUHDV HJ+&&,DW ORZ
ORDGZLWKSDUWLDOKRPRJHQHLW\DWSDUWORDGDQGFRQYHQWLRQDO'LHVHOFRPEXVWLRQDWKLJKDQGIXOOORDGKDV
WR EH DSSOLHG7KH DSSOLFDWLRQ RI+&&, HQJLQH FRQGLWLRQV UHVXOWV LQ TXLWH GLIIHUHQW H[KDXVW FRQGLWLRQV
FRPSDUHG WR FRQYHQWLRQDO GLHVHO HQJLQH RSHUDWLRQ %RKDF HW DO 'HF HW DO 8QGHU+&&,
FRQGLWLRQVWKHFRQFHQWUDWLRQRI&2DQG+&HPLVVLRQVLVW\SLFDOO\LQFUHDVHG2QWKHRWKHUKDQGWKH12[
FRQFHQWUDWLRQLVJHQHUDOO\GHFUHDVHG,QDGGLWLRQGLIIHUHQFHVH[LVWUHJDUGLQJWKHFRQFHQWUDWLRQDQGPD\EH
WKH PRUSKRORJ\ DQG WKH FKHPLFDO FRPSRVLWLRQ RI WKH HPLWWHG SDUWLFXODWH PDWWHU 7KH VRRW SDUWLFOHV
FRQFHQWUDWLRQ LVGHFUHDVHGEXWVWLOO WKLVGHFUHDVH LVQRWVXIILFLHQWHQRXJK WRPDNH WKH'LHVHO3DUWLFXODWH
)LOWHUV'3)VXQQHFHVVDU\IRUWKHIXWXUHDSSOLFDWLRQV,QFRQWUDVWWKHORZ12[WRVRRWUDWLRLQKLELWVWKH
12DVVLVWHG LQGLUHFW VRRW R[LGDWLRQ EULQJLQJ VLJQLILFDQW GLIILFXOWLHV WR WKH UHJHQHUDWLRQ RI WKH ILOWHU
$GYDQFHGGLUHFW VRRW R[LGDWLRQ FDWDO\VWV KDYH WREH HQJDJHG7KH LQFUHDVHG+&DQG&2FRQFHQWUDWLRQ
QHFHVVLWDWHVWKHLQFRUSRUDWLRQRIQREOHPHWDOEDVHGFDWDO\VWVLQWKHILOWHUFDWDO\WLFFRDWLQJ
,QWKLVZRUNWKHGHYHORSPHQWDQGSHUIRUPDQFHDVVHVVPHQWRIDQRYHO0XOWL)XQFWLRQDO5HDFWRU0)5
IRU WKH GLHVHO HQJLQH H[KDXVW LV SUHVHQWHG7KHZRUN KDV EHHQ SHUIRUPHG LQ WKH IUDPHZRUN RI WKH(8
SDUWLDOO\ IXQGHG UHVHDUFKSURMHFW ,36< ,QQRYDWLYH3DUWLFOH7UDS6\VWHP IRU)XWXUH'LHVHO&RPEXVWLRQ
&RQFHSWV)37KHQRYHOW\RIWKLVV\VWHPUHOLHVRQWZRDVSHFWV
x $V\VWHPGHVLJQZKLFKH[SORLWVLQWHUQDOKHDWUHFRYHU\
x $PXOWLIXQFWLRQDOFDWDO\VWDEOHWRHQKDQFHWKHGLUHFWVRRWR[LGDWLRQUDWHLHWKURXJKR[\JHQWUDQVIHU
SURPRWH&2DQG+&R[LGDWLRQDQGDOVRSURPRWHWKHLQGLUHFW12DVVLVWHGVRRWR[LGDWLRQ
7KHZRUNLVSUHVHQWHGLQIRXUSDUWV7KHILUVWSDUWGHVFULEHVWKHZRUNWRZDUGVWKHDWWDLQPHQWRIKHDW
UHFRYHU\DQGWKHDGYDQWDJHVRIWKHQRYHOGHVLJQZLWKUHVSHFWWRWKHILOWHU WKHUPDOUHVSRQVH7KHVHFRQG
RQHGHVFULEHVWKHV\QWKHVLVDQGDSSOLFDWLRQRIWKHGLIIHUHQWFDWDO\WLFIXQFWLRQDOLWLHVRQWKHILOWHUVXEVWUDWH
7KHWKLUGDQGWKHIRXUWKRQHVSUHVHQWWKHUHVXOWVREWDLQHGIRUPWKHSHUIRUPDQFHDVVHVVPHQWRIDIXOOVFDOH
0)5 SURWRW\SH XQGHU FRQYHQWLRQDO DQG +&&, HQJLQH FRQGLWLRQV UHVSHFWLYHO\ 7KLV DVVHVVPHQW ZDV
SHUIRUPHGZLWKUHVSHFWWRWKHILOWHUSUHVVXUHGURSILOWUDWLRQHIILFLHQF\DQGUHJHQHUDWLRQHIILFLHQF\
'XULQJWKH0)5GHYHORSPHQWWKH0)5SHUIRUPDQFHZDVEHQFKPDUNHGDJDLQVWWKHSHUIRUPDQFHRID
6WDWHRIWKH$UWFDWDO\]HGZDOOIORZ'3) 6L& LQ[ LQFSVLZDOO WKLFNQHVVPP WKDW
UHSUHVHQWVDFXUUHQWWHFKQRORJ\XQGHUHYDOXDWLRQIRUDOLJKWGXW\2(0DSSOLFDWLRQKHUHDIWHUUHIHUUHGWRDV
6$'3)
)LOWHUGHVLJQ
7KH WDUJHWZDV WR UHFRYHUSDUWRI WKHHQHUJ\ UHOHDVHGGXULQJ WKHH[RWKHUPLF VRRWR[LGDWLRQ UHDFWLRQ
'XH WR WKH H[RWKHUPLF VRRW R[LGDWLRQ WKH GRZQVWUHDPRI WKH ILOWHU WHPSHUDWXUH LV KLJKHU WKDQ WKH LQOHW
WHPSHUDWXUH7KHHQHUJ\FRUUHVSRQGLQJWRWKHGLIIHUHQFHRIWKHRXWOHWDQGLQOHWWHPSHUDWXUHVLVGHILQHGDV
WKH WRWDO UHFRYHUDEOH HQHUJ\ WRWDO KHDW UHOHDVHG LQ WKH '3) DV D UHVXOW RI H[RWKHUPLF VRRW R[LGDWLRQ
UHDFWLRQ
7R DFKLHYH LQWHUQDO KHDW UHFRYHU\ VHYHUDO W\SHV RI GHVLJQV ZHUH FRQVLGHUHG 7KHUH ZHUH WZR
SRVVLELOLWLHV WKH KHDW H[FKDQJH DQG WKH ILOWUDWLRQ IXQFWLRQV WR EH VSDWLDOO\ VHSDUDWHG HJ XVLQJ D KHDW
H[FKDQJHUXSVWUHDPRIWKH'3)RUWKHKHDWH[FKDQJHIXQFWLRQDQGWKHILOWUDWLRQIXQFWLRQVWREHLQWHJUDWHG
)LJXUHD&$'&$(FDOFXODWLRQVHVWDEOLVKHGWKDWDVLJQLILFDQWPRUHWKDQKHDWUHFRYHU\FRXOG
EHDWWDLQHGE\VSHFLDOGHVLJQVRIERWK W\SHV$V WKH LQFRUSRUDWLRQRIDQH[WHUQDOKHDWH[FKDQJHUZRXOG
UHTXLUHLQFUHDVHGVSDFHDQGZRXOGDGGVLJQLILFDQWFRPSOH[LW\WRWKHPDQXIDFWXULQJRIWKHV\VWHPLWZDV
FKRVHQ WR SURFHHG ZLWK WKH ,QWHJUDWHG +HDW ([FKDQJH ,+( ZKHUH WKH H[FKDQJH DQG WKH ILOWUDWLRQ
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IXQFWLRQVDUHLQWHJUDWHG7KH,+(GHVLJQRIIHUHGDOVRPLQLPL]DWLRQRIWKHKHDWORVVHVWRWKHHQYLURQPHQW
GXULQJWKHILOWHURSHUDWLRQFRPSDUHGWRFRQYHQWLRQDOILOWHUGHVLJQV
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0)5GHVLJQ
&RQYHQWLRQDOZDOOIORZ
ILOWHUGHVLJQ
E
)LJXUHD7KHWZRFRQFHSWVIRUWKHKHDWUHFXSHUDWLRQEHWZHHQWKHLQOHWDQGWKHRXWOHWIORZVWUHDPVE7KHUPDO
EHKDYLRURIWKHXQFRDWHG,+(SURWRW\SHDQGDFRQYHQWLRQDOXQFRDWHG6L&ZDOOIORZ'3)GXULQJWKHIDVWUHJHQHUDWLRQ
WHVW
7KH,+(SURWRW\SHZDVWHVWHGRQWKHHQJLQHWHVWEHQFKXQGHUIDVWUHJHQHUDWLRQFRQGLWLRQV7KHHQJLQH
WHVWEHQFKHPSOR\VDSDVVHQJHUFDUFRPPRQUDLOGLHVHOHQJLQHZLWKD/GLVSODFHPHQWFRXSOHGWRD
K\GUDXOLFEROWRQG\QDPRPHWHU7KHVDPHWHVWZDVSHUIRUPHGIRUDFRQYHQWLRQDOXQFRDWHG6L&ZDOOIORZ
'3) IRU FRPSDULVRQ%RWK WKH ,+(SURWRW\SH DQG WKH FRQYHQWLRQDO XQFRDWHG6L&ZDOOIORZ'3)ZHUH
SUHORDGHGZLWKJP§J/RIVRRWDWVWHDG\VWDWHHQJLQHRSHUDWLRQFRQGLWLRQV530DQG
EDUFRUUHVSRQGLQJ WRDQH[KDXVW WHPSHUDWXUHRIR&$'2&ZDV WKHQSODFHGXSVWUHDPRI WKH ILOWHU
DQGWKHHQJLQHVKLIWHGWRKLJKHUORDGEDUUHVXOWLQJLQDQH[KDXVWJDVWHPSHUDWXUHRIR&7KHHQJLQH
ZDVRSHUDWHGDWWKLVSRLQWIRUPLQXWHV6XEVHTXHQWO\WKHLQOHWILOWHUWHPSHUDWXUHZDVUDLVHGWRR&E\
PHDQVRI+&H[KDXVWSRUWLQMHFWLRQXSVWUHDPRIWKH'2&%\WKHWLPHWKHLQOHWILOWHUWHPSHUDWXUHUHDFKHG
R& WKHHQJLQHRSHUDWLRQGURSSHG WR LGOH7KHKLJK ILOWHU WHPSHUDWXUHDQG WKHKLJK2FRQWHQWRI WKH
H[KDXVWIRUFHGDIDVWILOWHUUHJHQHUDWLRQWKDWWRRNDSSUR[LPDWHO\PLQXWHVWRFRPSOHWHO\FOHDQWKHILOWHU
)LJXUHE7KHLQOHWDQGRXWOHWILOWHUWHPSHUDWXUHVWRJHWKHUZLWKWKHILOWHUSUHVVXUHGURSZHUHPRQLWRUHG
GXULQJWKLVWHVW7KHLQOHWILOWHUWHPSHUDWXUHLVDSSUR[LPDWHO\WKHVDPHLQWKHWZRH[SHULPHQWV7KHRXWOHW
ILOWHU WHPSHUDWXUH LV UDLVHG VLJQLILFDQWO\ IDVWHU LQ WKH FDVH RI WKH ,+(SURWRW\SH WKDQ LQ WKH FDVHRI WKH
FRQYHQWLRQDO ILOWHU )RU H[DPSOH DIWHU WZR PLQXWHV IURP WKH VWDUW RI WKH UHJHQHUDWLRQ WKH RXWOHW ILOWHU
WHPSHUDWXUH LV  DQG  R& IRU WKH ,+( SURWRW\SH DQG WKH FRQYHQWLRQDO ILOWHU UHVSHFWLYHO\ 7KLV
GLIIHUHQFH LQ WKH WKHUPDO UHVSRQVH FDQEH DWWULEXWHG WR WKH LQWHUQDO KHDW UHFRYHU\ FDSDELOLW\RI WKH ,+(
SURWRW\SH
&DWDO\WLFFRDWLQJ
7KHFDWDO\VW LQFRUSRUDWHGDGLUHFW VRRWR[LGDWLRQFDWDO\VW EDVHPHWDOPL[HGR[LGHFDWDO\VW D QREOH
PHWDO DQG%DULXPR[LGH %D27KHGRSHGPL[HGR[LGH FDWDO\VWZDVXVHG IRU WKH HQKDQFHPHQWRI WKH
GLUHFW VRRW R[LGDWLRQ UDWH 7KH QREOH PHWDO 3W ZDV XVHG IRU WKH HQKDQFHPHQW RI WKH LQGLUHFW VRRW
R[LGDWLRQUDWHDQGWKH&2DQG+&FRQYHUVLRQ%D2ZDVLQFOXGHGPDLQO\WRLPSURYHWKHORFDODYDLODELOLW\
RI12DQG³DFWLYH´R[\JHQFRPSRXQGVIRUHQKDQFHGVRRWR[LGDWLRQUDWH7KHDGGLWLRQRIWKH%D2ZDV
RSWLPL]HGWRZDUGVWKLVWDUJHWDQGQRWWKH12[UHGXFWLRQGXHWRWKHYHU\ORZ12[FRQFHQWUDWLRQVXQGHU
/7&RSHUDWLQJFRQGLWLRQV7KH$HURVRO%DVHG6\QWKHVLV$%6DQGWKH$HURVRO%DVHG'HSRVLWLRQ$%'
ZHUH XVHG IRU WKH V\QWKHVLV DQG DSSOLFDWLRQ RI WKH FDWDO\VW UHVSRQVLEOH IRU WKH GLUHFW R[LGDWLRQ RI VRRW
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.RQVWDQGRSRXORVHWDODQG6HYHUDOIRUPXODWLRQVRI0L[HG2[LGH&DWDO\VWV02&
KDYHEHHQLQYHVWLJDWHGDQGWKHRQHZLWKWKHRSWLPDOSHUIRUPDQFHUHJDUGLQJVRRWR[LGDWLRQDQGLPSRVHG
ILOWHUSUHVVXUHGURSKDVEHHQFKRVHQ7KH%D2ZDVDGGHGWRWKH02&SUHFXUVRUVROXWLRQDQGV\QWKHVL]HG
DQGGHSRVLWHG VLPXOWDQHRXVO\ZLWK WKH02&7KH3WZDV LQFRUSRUDWHG LQWR WKH FDWDO\VW OD\HU XSRQ WKH
ILOWHU E\ WKH DSSOLFDWLRQ RI D ZDVKFRDW DQG XVLQJ D ZHWFKHPLVWU\ WHFKQLTXH ZKHUH WKH ILOWHU LV
LPSUHJQDWHGLQWRDVROXWLRQRIDQDSSURSULDWH3WSUHFXUVRU
3HUIRUPDQFHXQGHUFRQYHQWLRQDOHQJLQHRSHUDWLQJFRQGLWLRQV
)UHVK0)5
7KHSUHVVXUHGURSRIWKHIXOOVFDOH0)5GXULQJVRRWORDGLQJZDVFRPSDUHGWRWKHSUHVVXUHGURSRIWKH
IXOOVFDOH ZDOOIORZ 6$ '3) WKDW KDG WKH VDPH ILOWUDWLRQ DUHD XQGHU VWHDG\ VWDWH HQJLQH RSHUDWLQJ
FRQGLWLRQV530EDU%0(37KHHYROXWLRQRIWKHSUHVVXUHGURSDVDIXQFWLRQRIWKHVRRWPDVV
ORDGIRUERWKV\VWHPVLVVKRZQ)LJXUH7KHVRRWPDVVORDGLVH[SUHVVHGLQJRIVRRWSHUPRIDYDLODEOH
ILOWUDWLRQ DUHD 6XFK H[SUHVVLRQ LV FRQVWDQWO\ XVHG E\ WKH DXWKRUV DV LW DOORZV WKH FRPSDULVRQ RI WKH
SUHVVXUH GURS EHKDYLRU GXULQJ VRRW ORDGLQJ RI GLIIHUHQW ILOWHU WHFKQRORJLHV%HIRUH WKH VWDUW RI WKH VRRW
ORDGLQJ WHVW WKH HQJLQH VRRW HPLVVLRQ UDWH LV JUDYLPHWULFDOO\ PHDVXUHG $V WKH HQJLQH RSHUDWHV XQGHU
FRQVWDQWFRQGLWLRQVWKHHQJLQHVRRWHPLVVLRQUDWHLVDVVXPHGWREHFRQVWDQWWKURXJKRXWWKHWHVW7KHVRRW
PDVV ORDG LVFDOFXODWHGIURP WKHHQJLQH VRRWHPLVVLRQUDWHDVVXPLQJILOWUDWLRQHIILFLHQF\ ,Q WKH
VDPH JUDSK WKH QXPEHUEDVHG0)5 ILOWUDWLRQ HIILFLHQF\ LV DOVR SUHVHQWHG7KH QXPEHUEDVHG ILOWUDWLRQ
HIILFLHQF\ ZDV FDOFXODWHG IURP WKH PHDVXUHPHQWV RI WKH WRWDO QXPEHU FRQFHQWUDWLRQ XSVWUHDP DQG
GRZQVWUHDPRIWKH0)5YLDD&RQGHQVDWLRQ3DUWLFOH&RXQWHU&3&FRQQHFWHGWRDVWDJHPLQLGLOXWLRQ
V\VWHP
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3UHVVXUHGURS0)5
3UHVVXUHGURS6$'3)
)LOWUDWLRQHIILFLHQF\0)5

)LJXUH6WXG\RIWKHVRRWORDGLQJEHKDYLRURIWKH0)5DQGWKH6$'3)
)RU WKH HYDOXDWLRQ RI WKH UHJHQHUDWLRQ DELOLW\ RI WKH 0)5 WKH VRRW ORDGHG ILOWHU ZDV SODFHG
GRZQVWUHDPRIDVWDQGDUGFRPPHUFLDOO\DYDLODEOHFRUGLHULWH/FSVL'LHVHO2[LGDWLRQ&DWDO\VW
'2&XQGHUVWHDG\VWDWHHQJLQHRSHUDWLQJFRQGLWLRQVUSPDQGEDU%0(3FRUUHVSRQGLQJWRDQ
LQOHWWHPSHUDWXUHRIR&+&VZHUHLQMHFWHGXSVWUHDPRIWKH'2&WRYDU\WKHILOWHULQOHWWHPSHUDWXUHLQ
DVWHSIDVKLRQ)URPWKHHYROXWLRQRIWKHSUHVVXUHGURSGXULQJWKHUHJHQHUDWLRQ WKHVRRWR[LGDWLRQUDWH
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ZDV FDOFXODWHG DV D IXQFWLRQ RI WHPSHUDWXUH E\ HPSOR\LQJ SUHYLRXVO\ GHYHORSHGPDWKHPDWLFDO PRGHOV
.RQVWDQGRSRXORVHW DODQG ,Q WKH ULJKWJUDSKRI)LJXUH WKH VRRWR[LGDWLRQ UDWHGXULQJ
VXFK ³VWHS UHJHQHUDWLRQ´ WHVW RI WKH0)5 DQG WKH ZDOOIORZ 6$'3) ZLWK WKH VDPH ILOWUDWLRQ DUHD LV
LOOXVWUDWHGDVDIXQFWLRQRIWKHLQOHWILOWHUWHPSHUDWXUH%RWKILOWHUVH[KLELWHGVLPLODUVRRWR[LGDWLRQUDWHVXS
WR  R&+RZHYHU LQ WKH DUHD RI R& WKH0)5 GHPRQVWUDWHG KLJKO\ LPSURYHG VRRW R[LGDWLRQ
DFWLYLW\DFKLHYLQJDWLPHVKLJKHUVRRWR[LGDWLRQUDWHDWR&FRPSDUHGWRWKH6$'3)
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0)5
6$'3)

)LJXUH6WXG\RIWKHUHJHQHUDWLRQEHKDYLRURIWKH0)5DQGWKH6$'3)
,QRUGHUWRHYDOXDWHWKHSHUIRUPDQFHRIWKHIXOOVFDOH0)5ZLWKUHVSHFWWRWKHH[KDXVWJDVFRQYHUVLRQ
WKH0)5ZDVSODFHGRQWKHH[KDXVWRIWKHHQJLQHEHQFKZLWKRXWD'2&XSVWUHDP7KH0)5SHUIRUPDQFH
ZDV WHVWHG DW  VWHDG\ VWDWH HQJLQH RSHUDWLQJ FRQGLWLRQV 7KH HQJLQH VSHHGZDV NHSW FRQVWDQW DW 
530 DQG WKH HQJLQH %0(3 ZDV JUDGXDOO\ LQFUHDVHG IURP  WR  EDU FRUUHVSRQGLQJ WR H[KDXVW
WHPSHUDWXUHV IURP  WR R& $W HDFK WHPSHUDWXUH WKH HQJLQH ZDV OHIW  PLQ WR UHDFK FRQVWDQW
RSHUDWLQJ FRQGLWLRQV IROORZHG E\  PLQ PHDVXUHPHQWV XSVWUHDP DQG GRZQVWUHDP RI WKH 0)5 7KH
UHVXOWVIRUWKH&2DQG+&R[LGDWLRQDUHVKRZQLQ)LJXUH
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
D E F
)LJXUH±D&2R[LGDWLRQE\WKH0)5DWGLIIHUHQWHQJLQHSRLQWE+&SURSDQHHTXLYDOHQWR[LGDWLRQE\WKH
0)5DWGLIIHUHQWHQJLQHSRLQWF12VOLSPHDVXUHPHQWVIRUWKH0)5
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7KH0)5RXW 12 VOLS ZDV DOVR PHDVXUHG GXULQJ WKH DERYH GHVFULEHG WHVW $W  EDU %0(3 WKH
HPLWWHG 12 LV VLJQLILFDQWO\ GHFUHDVHG ZKLOH DW KLJKHU HQJLQH ORDGV WKH 12VOLS LV QHJOLJLEOH 7KLV
VKRXOGEHDWWULEXWHGWRERWKWKH12FRQVXPSWLRQE\WKHR[LGDWLRQRIVRRWDQGWKHHIIHFWRI12WUDSSLQJ
$JHG0)5
7KH DJLQJSURFHGXUH FRQVLVWHGRI ILYH FRQVHTXHQW F\FOHV (DFK F\FOH LQFOXGHG WKUHH VWHSV7KH ILUVW
VWHSUHIHUUHGWR³VRRWORDGLQJ´FRQGLWLRQV530EDUH[KDXVWWHPSHUDWXUHR&7KHGXUDWLRQ
RI WKH ILUVW VWHSZDVKUV'XULQJ WKH VHFRQGVWHS WKH0)5ZDVRSHUDWHGDW ³UHJHQHUDWLRQ´FRQGLWLRQV
 530  EDU H[KDXVW WHPSHUDWXUH  R& IRU  KU )LQDOO\ WKH ³DJLQJ´ VWHS FRQFHUQHG HQJLQH
RSHUDWLRQDWIXOOORDG530EDUH[KDXVWWHPSHUDWXUHR&IRUKUV7KHVDPHVWHSF\FOH
ZDV UHSHDWHG ILYH WLPHV7KH HQWLUH SURFHGXUHZDV HTXLYDOHQW WR DSSUR[LPDWHO\  NPRI QRUPDO
YHKLFOHRSHUDWLRQ7KHVWDWHGHTXLYDOHQF\UHIHUVWRWKHILOWHUWKHUPDOH[SRVXUHDVVXPLQJILOWHUUHJHQHUDWLRQ
HYHU\NPDWR&ZLWKGXUDWLRQRIPLQ'XULQJWKLVSURFHGXUHWKHHQJLQHRLOFRQVXPSWLRQZDV
J
7KHSUHVVXUHGURSRIWKHIUHVK0)5VDPSOHZDVFRPSDUHGWRWKHSUHVVXUHGURSRIWKHDJHGSURWRW\SH
GXULQJVRRWORDGLQJ,QERWKWHVWVWKHILOWHUZDVORDGHGZLWKVRRWXSWRJPDW530EDU%0(3
DQG R& H[KDXVW WHPSHUDWXUH 7KH DJHG 0)5 GHPRQVWUDWHG VRPHZKDW LQFUHDVHG SUHVVXUH GURS
DSSUR[LPDWHO\FRPSDUHGWRWKHIUHVKVDPSOH)LJXUH7KLVVKRXOGEHH[SHFWHGGXHWRWKHDVK
SDUWLFOHVDFFXPXODWHGGXULQJWKHDJLQJSURFHGXUH7KHDVKFRQWHQWRIWKHHQJLQHRLOZDVZZ$V
WKHHQJLQHRLOFRQVXPSWLRQZDVJGXULQJWKH0)5DJLQJWKHDPRXQWRIDVKHPLWWHGIURPWKHHQJLQH
VKRXOGEHDSSUR[LPDWHO\J7KHDJLQJRIWKH0)5GLGQRWFDXVHDQ\QHJDWLYHHIIHFW LQWKHILOWUDWLRQ
HIILFLHQF\RI WKH0)52Q WKHFRQWUDU\DQGHYHQ LI WKLVZDVYHU\JRRG IURP WKH IUHVK VWDWH LWEHFDPH
HYHQEHWWHUSUREDEO\GXHWRWKHDVKSDUWLFOHVWUDSSHGE\WKHILOWHU
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)LJXUH(YROXWLRQRISUHVVXUHGURSGXULQJVRRWORDGLQJIRUWKHIUHVKDQGWKHDJHG0)5
,Q)LJXUHWKHYDULDWLRQRIWKHVRRWR[LGDWLRQUDWHZLWKWKHLQOHWILOWHUWHPSHUDWXUHLVSUHVHQWHGIRUWKH
IUHVK DQG WKH DJHG0)57KH)LJXUH LQFOXGHVGDWD IURP ³VWHS UHJHQHUDWLRQ´ WHVWV DOUHDG\GHVFULEHG DV
ZHOODVGDWDIURP³FRQVWDQWWHPSHUDWXUHUHJHQHUDWLRQ´WHVWV,QWKHVHFRQGW\SHRIUHJHQHUDWLRQWHVWVWKH
ILOWHU LV SUHORDGHGXS WR D FHUWDLQ DPRXQW RI VRRW DQG WKHQ WKH LQOHW ILOWHU WHPSHUDWXUH LV LQFUHDVHG WR D
FHUWDLQOHYHOaR&DQGNHSWFRQVWDQWXQWLOWKHILOWHULVFRPSOHWHO\UHJHQHUDWHG)LJXUHUHYHDOVWKDW
WKH DJLQJ SURFHGXUH GLG QRW KDYH DQ\ VLJQLILFDQW QHJDWLYH HIIHFW RQ WKH VRRW R[LGDWLRQ UDWH DQG
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FRQVHTXHQWO\ WKH FDWDO\WLF DFWLYLW\ RI WKH0)5 ,Q IDFW IRU WHPSHUDWXUHV KLJKHU WKDQ  R& WKH VRRW
R[LGDWLRQ UDWH LV VOLJKWO\ LQFUHDVHG IRU WKH DJHG0)5 7KLV LV LQOLQH ZLWK WKH UHVXOWV SUHVHQWHG LQ WKH
OLWHUDWXUH =DUYDOLV HW DO  VKRZLQJ WKDW DVK SDUWLFOHV FDQ KDYH DQ HIIHFW RQ WKH FDWDO\WLF VRRW
R[LGDWLRQZKLFKFRXOGEHSRVLWLYHRUQHJDWLYHGHSHQGLQJRQ WKH W\SHRI WKHFDWDO\WLFFRDWLQJ LQYROYHG
7KHUHJHQHUDWLRQRIWKHDJHGILOWHUZDVFRPSOHWHGDWR&WKHUHIRUHQRVRRWR[LGDWLRQUDWHPHDVXUHPHQW
ZDVGRQHDWR&DVZDVWKHFDVHIRUWKHIUHVK0)5
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)UHVKVWHSUHJHQHUDWLRQ
)UHVKFRQVWWHPS
$JHGVWHSUHJHQHQHUDWLRQ
$JHGFRQVWWHPS

)LJXUH6RRWR[LGDWLRQUDWHDVDIXQFWLRQRILQOHWILOWHUWHPSHUDWXUHIRUWKHIUHVKDQGWKHDJHG0)5
3HUIRUPDQFHXQGHU+&&,HQJLQHRSHUDWLQJFRQGLWLRQV
,QRUGHUWRHYDOXDWHWKH0)5SHUIRUPDQFHXQGHUDOWHUQDWLYHFRPEXVWLRQH[KDXVWFRQGLWLRQVWKH0)5
ZDVSODFHG LQ WKHH[KDXVWRI DSURWRW\SHHQJLQHZKLFKZDVEDVHGRQDFRQYHQWLRQDOF\OLQGHU/
(XUR'LHVHOHQJLQHZLWKDSURWRW\SH(*5FLUFXLW
7KHHQJLQHZDVRSHUDWHGDWVWHDG\VWDWH+&&,FRQGLWLRQV7KHHYROXWLRQRIWKHSUHVVXUHGURSZLWKWKH
VRRWPDVVORDGLVVKRZQLQ)LJXUH,QWKHVDPHJUDSKWKHSUHVVXUHGURSRIWKH0)5XQGHUHTXLYDOHQW
FRQYHQWLRQDOFRPEXVWLRQFRQGLWLRQVLVDOVRVKRZQ%RWKWHVWVKDYHEHHQSHUIRUPHGXQGHUWKHVDPHLQOHW
ILOWHU WHPSHUDWXUH  R& DQG H[KDXVW PDVV IORZ UDWH  NJKU 7KH SUHVVXUH GURS FXUYHV SHUIRUP
GLIIHUHQWO\ LQ WKH ILUVWSDUWRI WKHJUDSK VKDGHGSDUWEHFDXVH WKH LQLWLDO FRQGLWLRQVRI WKH WHVWV HQJLQH
ZDUPXSZHUHGLIIHUHQW)RUWKHUHVWRIWKHWHVWLWFDQEHVHHQWKDWLQERWKFDVHVWKHILOWHUGHPRQVWUDWHG
HTXLYDOHQWSUHVVXUHGURSEHKDYLRU7KH0)5GHPRQVWUDWHVDSSUR[LPDWHO\WKHVDPHVORSHLQWKHSUHVVXUH
GURSGXULQJ WKH ODWWHUSDUWRI WKH VRRW ORDGLQJ WHVW FDNH ILOWUDWLRQ ,W LVZHOONQRZQ WKDW ILOWHUSUHVVXUH
GURSLVDIXQFWLRQRIWKHVRRWFDNHPLFURVWUXFWXUHZKLFKLVVXIILFLHQWO\GHVFULEHGLQWHUPVRIWKHVRRWFDNH
SHUPHDELOLW\NVRRWDQGSDFNLQJGHQVLW\ȡVRRWRUHTXLYDOHQWO\LWVSRURVLW\İ.RQVWDQGRSRXORVHWDO
7KHVORSHRI WKH OLQHDU FDNHILOWUDWLRQ LVGHWHUPLQHGE\ WKHIORZUHVLVWDQFHSURSHUWLHVRI WKHVRRWFDNH
FKDUDFWHUL]HGE\WKHSURGXFWȡ[NVRRW)URP)LJXUHLWLVHYLGHQWWKDWWKHSURGXFWȡ[NVRRWLVWKHVDPH
LQERWKFDVHV
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
)LJXUH&RPSDULVRQRI0)5SUHVVXUHGURSEHKDYLRUXQGHU+&&,DQGFRQYHQWLRQDOFRPEXVWLRQHQJLQHFRQGLWLRQV

7KH0)5ZDVSUHORDGHGZLWKJPRIVRRWXQGHU WKH+&&,FRQGLWLRQVGHVFULEHG LQ WKHSUHYLRXV
SDUDJUDSK$IWHUWKDWLWZDVUHJHQHUDWHGDWFRQVWDQWWHPSHUDWXUHVDQGR&7KHUHVXOWVZHUH
DQDO\]HG DV GLVFXVVHG EHIRUH DQG DUH LOOXVWUDWHG LQ )LJXUH  WRJHWKHU ZLWK WKH UHVXOWV RI WKH ³VWHS
UHJHQHUDWLRQ´ WHVW SHUIRUPHG IRU WKH0)5 ORDGHGZLWK VRRW XQGHU FRQYHQWLRQDO FRPEXVWLRQ FRQGLWLRQV
)URP)LJXUH LW LV HYLGHQW WKDW WKH VRRW R[LGDWLRQ UDWH LV QRW VLJQLILFDQWO\ DIIHFWHGE\ WKH W\SHRI WKH
FRPEXVWLRQFRQGLWLRQVXQGHUZKLFKWKHVRRWZDVJHQHUDWHG
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&RQYHQWLRQDOFRPEXVWLRQ
+&&,FRPEXVWLRQ
+&&,FRPEXVWLRQ
+&&,FRPEXVWLRQ
+&&,FRPEXVWLRQ

)LJXUH&RPSDULVRQRI0)5VRRWR[LGDWLRQUDWHXQGHU+&&,DQGFRQYHQWLRQDOFRPEXVWLRQHQJLQHFRQGLWLRQV

:LWKUHVSHFWWRWKHJDVHRXVHPLVVLRQVXQGHU+&&,FRQGLWLRQVWKH0)5SHUIRUPDQFHZDVWHVWHGDW
VWHDG\ VWDWH HQJLQH RSHUDWLQJ FRQGLWLRQV 7KH 0)5 UHVXOWHG LQ ]HUR 12 HPLVVLRQV IRU WHPSHUDWXUHV
KLJKHU WKDQ  R& $ VLJQLILFDQW UHGXFWLRQ LQ WKH +& DQG &2 GXH WR WKH SUHVHQFH RI WKH0)5 ZDV
UHDOL]HG RQO\ IRU WHPSHUDWXUHV KLJKHU WKDQ  R& 7KH KLJK +& DQG &2 WDLOSLSH HPLVVLRQV IRU ORZ
H[KDXVWWHPSHUDWXUHVQHFHVVLWDWHVWKHHPSOR\PHQWRIDGYDQFHGGLHVHOR[LGDWLRQFDWDO\VWV
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6XPPDU\&RQFOXVLRQV
$ IXOOVFDOH HPLVVLRQ FRQWURO GHYLFH WHUPHG 0XOWL)XQFWLRQDO 5HDFWRU 0)5 ZDV UHDOL]HG
FRPELQLQJ ILOWUDWLRQ LQWHUQDOKHDW UHFRYHU\VRRWDQGJDVR[LGDWLRQIXQFWLRQV7KHVSHFLILFGHVLJQZLWK
LQWHUQDO KHDW UHFRYHU\ FDSDELOLW\ GHPRQVWUDWHG IDVWHU WKHUPDO UHVSRQVH GXULQJ UHJHQHUDWLRQ FRQGLWLRQV
FRPSDUHG WR D VWDQGDUG ILOWHU GHVLJQ 7KH HPSOR\HG FDWDO\VW V\QWKHVLV DQG DSSOLFDWLRQ WHFKQRORJ\
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